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(54) Spatially-selective edge enhancement for discrete pixel images 



(57) A discrete pixel image (106) is enhanced to 
bring out particular features of interest such as edges. 
The enhancement includes decomposition of the origi- 
nal processed image data, enhancement by application 
of gain images to the decomposed images, and recon- 
struction of the enhanced image. The decomposition 
proceeds through a series of low-pass filters (110,112) 
to arrive at decomposed images of progressively lower 
spatial frequencies. These decomposed images are 
then multiplied by gain images during the enhancement 
phase. Gain images for at least the higher spatial fre- 
quency level images are derived (116) from lower spatial 
frequency level images. These spatial frequency-based 
gain images may be based upon operator inputs, includ- 
ing a spatial sensitivity, fimction and an edge enhance- 
ment value. Lower spatial frequency level images may 
be processed by application (118) of predetermined 
gain values. The reconstruction sequence recombines 
the decomposed images (120) after application of the 
gains to arrive at an enhanced image of the same di- 
mensions as the original image. 
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Description 

[0001 ] The present invention relates to digital imaging 
techniques and, more particularly, to techniques for en- 
hancement of discrete pixel images, such as those pro- $ 
duced in medical imaging systems. 
[0002] A wide range of systems have been proposed 
and are currently in use for producing discrete pixel im- 
ages. In such systems, data is gathered representative 
of characteristics of a large number of picture elements 10 
or pixels arranged in an array or matrix. For example, in 
digital radiography systems, signals are produced which 
are representative of a level or intensity of radiation re- 
ceived within each pixel region during an exposure. The 
signals are processed and filtered to provide consistent is 
and meaningful information over the matrix of pixels. 
Following such processing, the data is used to recon- 
struct a useful composite image made up of the pixels. 
The particular filtering and processing of the signals may 
be adapted to various modalities and features of inter- 20 
est, so as to provide a user with meaningful information 
in their reconstructed image. In many medical applica- 
tions, an attending physician or radiologist will consult 
the composite image for identification of internal fea- 
tures within a subject as defined by edges, textural re- 25 
gions, contrasted regions, and so forth. 
[0003] Algorithms have been developed for digitally 
processing discrete pixel image data to enhance diag- 
nostic portions of the image while suppressing noise. 
For example, in one known method pixel data is filtered 30 
through progressive low pass filtering steps. The origi- 
nal image data is thus decomposed into a sequence of 
images having known frequency bands. Gain values are 
applied to the resulting decomposed images for en- 
hancement of image features, such as edges. Additional 35 
filtering, contrast equalization, and gradation steps may 
be employed for further enhancement of the image. 
[0004] While such techniques provide useful mecha- 
nisms for certain types of image enhancement, they are 
not without drawbacks. For example, gains applied to 40 
decomposed images can result in inadvertent enhance- 
ment of noise present in the discrete pixel data. Such 
noise, when enhanced, renders the reconstructed im- 
age difficult to interpret, and may produce visual artifacts 
which reduce the utility of the reconstructed image, such *5 
as by rendering features of interest difficult to discern or 
to distinguish from non-relevant information. 
[0005] There is a need, therefore, for an improved 
technique for discrete pixel image enhancement. In par- 
ticular, there is a need for a technique which is capable 50 
of enhancing features of interest in such images, such 
as edges of structures, without enhancement of noise 
or other artifacts. There is also a particular need for an 
image enhancement technique which can be employed 
in existing systems, and which can be adjusted by users ss 
for various situations, depending upon the type of sub- 
ject being imaged, the features of interest, and so forth. 
[0006] The present invention provides a technique for 



enhancing digital pixel images designed to respond to 
these needs. The technique affords enhancement of 
particular features in the image as defined by the digital 
pixel data, while avoiding enhancement of noise and 
other artifacts. The technique applies feature enhance- 
ment gain factors which are based upon the level of an 
enhanced image in a decomposition pyramid. Gains 
employed for different levels in the decomposed images 
can be adjusted, with lower gains being employed for 
decomposed images at lower spatial frequency levels. 
The technique may be applied to images acquired 
through a range of imaging modalities. The technique is 
particularly well suited to enhancement of images ac- 
quired through digital X-ray systems. 
[0007] In accordance with certain aspects of the tech- 
nique, processed acquired pixel data for an image is fil- 
tered to decompose the image into a series of spatial 
frequency level images. The series of images includes 
images at progressively lower spatial frequency levels. 
A gain image for at least one of the spatial frequency 
images is derived from image data from a lower spatial 
frequency level. This gain is applied to the higher spatial 
frequency image to obtain an enhanced image for that 
spatial frequency level. Such gains may be derived for 
and applied to a series of the decomposed spatial fre- 
quency level images. Such spatial frequency-based 
gain images may be employed for spatial frequency lev- 
el images at which valuable information, such as edge 
information, is expected to be found. Other lower spatial 
frequency level images may be processed by applying 
gains equal to unity or gains higher than or less than 
unity. The resulting images are then recombined to ar- 
rive at an enhanced image. The decomposition, en- 
hancement, and reconstruction phases of the technique 
preferably produce an enhanced image of equal dimen- 
sions to the input image. 

[0008] An embodiment of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 

Fig. 1 is a diagrammatical representation of a digital 
X-ray imaging system for producing discrete pixel 
images of a subject of interest; 
Fig. 2 is plan view of an exemplary discrete pixel 
image produced via the system of Fig. 1 ; 
Fig. 3 is a diagrammatical representation of an im- 
age decomposition sequence for separating the im- 
age of Fig. 2 into decomposed images referenced 
by desired frequency bands; and 
Fig. 4 is a block diagram illustrating steps in exem- 
plary control logic for enhancing the image of Fig. 2 
based upon the decomposed or recomposed imag- 
es analyzed as illustrated in Fig. 3. 

[0009] Turning now to the drawings, and referring first 
to Figure 1, an imaging system 10 is illustrated diagram- 
mat ically in the form of a digital x-ray system. System 
10 includes a controlled source of radiation 12 capable 
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of emitting a stream 1 4 of radiation upon command. The 
stream of radiation is directed toward a subject of inter- 
est 16. A portion 19 of the radiation passes through the 
subject and impacts a detector 20. The detector, which 
includes an array of discrete picture elements or pixels 
generates signals representative of the amount or inten- 
sity of the radiation received within the bounds of each 
pixel region, and transmits the signals to data acquisi- 
tion circuitry 22 Circuitry 22 processes the acquired sig- 
nals, such as by appropriate tittering, dynamic range ad- 
justment, and so forth, outputting a string of data repre- 
sentative of the radiation received by detector 20. 
[0010] The digital signals output by a data acquisition 
circuitry 22 are WHnsmitted to an image processing unit 
24 where the signals are further processed to produce 
data representative ol features of interest within subject 
16. Thus, the signals irom data acquisition circuitry 22 
are transmitted first to interface circuitry 26 within unit 
24. This interlace circuitry may perform additional filter- 
ing functions, before forwarding the signals to signal 
processing cucuitiy 26 As is described in greater detail 
below, signal processing circuitry 28 performs a series 
of computations based upon the acquired and filtered 
signals. In particular signal processing circuit 28 filters 
and enhances the pixel data so as to render the image 
defined by the collodion of pixels more readily under- 
standable or useful to an attending physician or radiol- 
ogist. 

[0011] Signals processed by circuitry 28, typically in 
the form of a series of digital values, are stored in a 
memory circuit 30 within unit 24. Memory circuit 30, 
which may include any suitable type of electronic mem- 
ory, such as random access memory, read-only memo- 
ry, dynamic random access memory, disk storage, and 
so forth, also preferably stores programming code im- 
plemented by signal processing circuit 28 for executing 
its preconfigured functions. Signal processing circuitry 
28 may, in turn, include any suitable general purpose or 
application-specific microprocessor, CPU, or signal 
processor. 

[0012] In addition to the image enhancement func- 
tions carried out by signal processing circuitry 28, such 
circuitry is also available for outputting or displaying 
composite images defined by acquired and processed 
pixel data on an output device as indicated by reference 
numeral 32. Such output or display devices may include 
conventional computer monitors, printers, and so forth. 
An input terminal 34 is also provided for communicating 
input parameters, image types, examination configures, 
and so forth to signal processing circuitry 28. Input ter- 
minal 34 may include a conventional keyboard, serial 
mouse, or any other suitable interface device. Terminal 
34 may also include circuitry associated directly with a 
terminal screen for permitting selection or input of con- 
figuration parameters by touching appropriate locations 
in an on-screen display. Signal processing circuit 28 is 
further coupled to radiation source 12 for controlling the 
generation and transmission of radiation stream 14 as 



image data is desired. 

[0013] Figure 2 represents an exemplary image ma- 
trix 24 defined by data acquired through system 10. As 
illustrated in Figure 2, the matrix permits reconstruction 

5 of a composite image 38 in which particular features of 
interest 40 are defined by varying characteristics of ad- 
jacent pixels 42, typically gray level or color. Pixels 42 
are arranged in a series of rows 44 and columns 46. The 
resulting image matrix thus includes a large number of 

10 such rows and columns defining an image width 48 and 
an image height 50. The particular dimensions of matrix 
36 may depend upon such factors as the particular fea- 
ture being imaged, the resolution desired in the image, 
and so forth. Moreover, system 1 0 may be configured 

15 to generate images of a number of different matrix di- 
mensions, such as 2,048 X 2,048 pixels, 1 ,024 X 1,024 
pixels, and so forth. 

[0014] System 10 preferably filters the acquired sig- 
nals to enhance certain types of features in the image. 
20 Such enhancement is performed in such a way as to 
selectively emphasize the features, while avoiding am- 
plification or enhancement of noise or other artifacts in 
the image. Figure 3 illustrates a diagrammatical repre- 
sentation of exemplary functional signal processing cir- 
2S cuitry employed for such enhancement. It should be not- 
ed that, while the elements illustrated in Figure 3 and 
described below are represented as discrete compo- 
nents for processing image data, in practice, such com- 
ponents may be defined by appropriate programming 
30 code executed by signal processing circuitry 28. 

[0015] As shown in Figure 3, a filtering sequence 52 
for spatially-selective edge enhancement of a discrete 
pixel image includes a decomposition phase, designat- 
ed generally by the reference numeral 54, an enhance- 
rs ment phase 56, and a reconstruction phase 58. Decom- 
position phase 54 involves progressive decomposition 
of the image data into a series of spatial frequency im- 
ages of progressively tower spatial frequency. As used 
herein, the term spatial frequency relates generally to 
40 the number of individual image components within a de- 
fined image area. Through the progressive decomposi- 
tion of the image, filtering sequence 52 generates a se- 
ries of decomposed images having different spatial fre- 
quencies. Each of these images is then enhanced by 
45 application of a gain image during enhancement phase 
56. The resulting images are then recombined during 
reconstruction phase 58 to complete an enhanced im- 
age. The individual processing of the different spatial 
frequency levels of the decomposed images is repre- 
ss sented in Figure 3 by reference numerals 60, 62, 64, 66 
and 68, with 68 being a final level of decomposition and 
processing. As noted, each progressive step or level 
produces an intermediate image having a progressively 
lower spatial Irequency, as noted at relerence numerals 
ss 70, 72, 74, 76, and 78. 

[0016] As shown in Figure 3, processing blocks for 
each spatial frequency level in decomposition phase 54 
include a decimator (LPl) 80 and an interpolator (LPT) 
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82, represented by low-pass filters (only the filters of the 
highest spatial frequency level 60 being labeled in Fig- 
ure 3). These filters progressively combine data repre- 
senting neighboring pixels of the immediately preceding 
image level in a manner generally known in the art. The 
filters output a first, filtered image which is employed in 
subsequent decomposition levels, as well as a second 
image which is subtracted from the input image for that 
spatial frequency level at a summer 84. Thus, at a high- 
est level 60, the original processed image data 86 is fed 
to the decimating low pass filter 80, as well as to summer 
84. The original image data is filtered at blocks 80 and 
82, with the output of block 80 being passed on as input 
data to level 62. In this manner, the original processed 
image data is decomposed into the progressively lower 
spatial frequency images. In a present embodiment, 
each subsequent step or level in the decomposition 
phase produces an image which is half the size of the 
input image for that level. However, other reduction 
rates may be employed. Moreover, while the decompo- 
sition phase filtering may terminate at any desired level, 
in a present embodiment, such filtering is carried out un- 
til a single pixel (1X1) image is attained at lowest level 
68. 

[001 7] The filtering sequence 52 then proceeds by ap- 
plying (e.g., multiplying) each of the spatial frequency 
images by a gain image in enhancement phase 56. The 
gain images, designated in Figure 3 by the numerals 88, 
90, 92, 94, and 96, are assigned values which enhance 
specific features of the image, such as edges. Moreover, 
certain of the gain images are generated from data from 
lower spatial frequency levels. Thus, gain image 88, 
designated G1, is generated from image 72 resulting 
from the decomposition phase at level 62. Similarly, gain 
image 90, designated G2, is generated from image 74 
resulting from processing at level 64. Any suitable 
number of levels in the filtering sequence 52 may em- 
ploy such lower frequency-based gain images. For ex- 
ample, it has been found that in an image having original 
dimensions of 2,048 X 2,048 pixels, such lower spatial 
frequency-based gain images produce satisfactory 
edge enhancement when used at the first three levels 
of decomposition, such as levels 60, 62, and 64 in Figure 
3. Other lower levels may also employ this technique, 
or may be multiplied by a gain image having values of 
unity, or other values, either greater or less than unity. 
[001 8] Following application of the gain images at en- 
hancement phase 56, the resulting enhanced images 
are recombined in reconstruction phase 58. As shown 
in Figure 3, each step or level in the reconstruction 
phase includes interpolation of output data from an im- 
mediately preceding (i.e., lower) level in a block 98 (see 
level 60 in Figure 3). The resulting image is added to the 
enhanced image in a summer 100 at each level. The 
resulting enhanced and reconstructed image data is 
then forwarded to the next (i.e., higher) level, until a re- 
constructed enhanced image 1 02 of the original dimen- 
sions is obtained. 



[0019] It should be noted that, in particular applica- 
tions, the image data need not be fully decomposed or 
reconstructed to the lowest levels. For example, where 
a series of lower spatial frequency images are to have 

5 a similar gain applied in phase 56, decomposition may 
be stopped at that level. The gain is then applied to the 
image at the terminal level, and reconstruction may be 
begin. Similarly, while as noted above, the higher level 
gains are derived from lower spatial frequency images 

10 resulting from decomposition, these could also be ob- 
tained based upon reconstructed images from a lower 
spatial frequency level (i.e., following application of the 
gain images during enhancement phase 56). 
[0020] In the present embodiment, the lower spatial 

is frequency-based gains are derived as follows. Follow- 
ing decomposition of the original filtered image data, sig- 
nal processing circuit 28 applies an algorithm which may 
be expressed: 

20 Gjtx.y) = max (1 .0, E, * SfO^x.y))). 

where Gj (x,y) is the value for each pixel in the gain im- 
age of level i to be determined, Ej is a user-defined edge 

2S strength value greater than 1 .0, S is a spatial sensitivity 
function which may be set by the user, and Oj (x,y) is 
the value of each pixel in a lower spatial frequency level 
image j. It should be noted, thus, that the foregoing al- 
gorithm effectively maintains a value of unity in the de- 

30 rived gain images when the resulting computed value is 
less than unity. Also, the algorithm permits the user to 
effectively define a desired edge strength value, tending 
to increase or decrease the relative sharpness of the 
edges and the reconstructed enhanced image. Similar- 

35 |y, a spatial sensitivity function may be selected by the 
user to regulate the amount of influence in the gain cal- 
culation exerted by values of the lower spatial frequency 
image. The spatial sensitivity function could include lin- 
ear functions, piece wise linear functions a sigmoidal 

40 function, and so forth. In a present embodiment, the val- 
ues of S resulting from the function S may be set any- 
where between 0 and 1 . Moreover, the edge strength 
value or the spatial sensitivity function, or both, may be 
unique to specific spatial frequency levels (i.e., unique 

45 to individual levels 60, 62, and 64 in Figure 3). Also, the 
particular level at which such spatial frequency-based 
gain images is derived may be a parameter which is user 
configurable. Thus, the user may select spatial frequen- 
cy-based enhancement for one, two, three, or more lev- 

so els, depending upon the enhancement desired and the 
frequency levels at which useful information or noise is 
anticipated. 

[0021] Figure 4 illustrates steps in exemplary control 
logic for carrying out the foregoing processing se- 
55 quence. As shown in Figure 4, the control logic, desig- 
nated by reference numeral 104 : begins with acquisition 
of the pixel data at step 106 ; as described above. The 
data is then filtered at step 108 through data acquisition 
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composed by successive low pass filtering to obtain 
a plurality of spatial frequency images of succes- 
sively smaller matrix size. 

5 3. The method of claim 2, wherein a plurality ol greater 
frequency images are generated, gain data are 
generated for each greater frequency image, and 
gain data for each greater frequency image is ap- 
plied to the respective greater frequency image to 

io generate a plurality of enhanced higher frequency 
images. 

4. The method of claim 3, wherein the gain data for 
each respective greater frequency image is gener- 
is ated from at least one frequency image at a spatial 

frequency lower than the respective higher frequen- 
cy image. 

5. The method of claim 1 , comprising the step of ap- 
20 plying at least one gain to the second frequency im- 
age prior to reconstruction of the enhanced image. 

6. The method of claim 1 , wherein the gain data is at 
least partially based upon an operator selected spa- 

25 tial sensitivity function. 

7. The method of claim 1, wherein a number of fre- 
quency levels into which the image is decomposed 
for generation of the gain data is operator adjusta- 

30 ble. 

8. A method for enhancement of edges in a discrete 
pixel image, the method comprising the steps of: 

35 acquiring a set of pixel data representative of 

the image; 

filtering the pixel data into a series of spatial fre- 
quency level images, the series including at 
least one higher frequency level image and one 
40 lower frequency level image; 

deriving a gain image from the lower frequency 
level image; 

combining the gain image and the higher fre- 
quency level image to obtain an enhanced 
45 higher frequency level image; and 

reconstructing an edge enhanced image based 
upon the enhanced higher frequency level im- 
age and the lower frequency level image. 

so 9. The method of claim 8, wherein the set of pixel data 
is acquired via a digital x-ray imaging system. 



circuitry 22, interface circuitry 26, and signal processing 
circuitry 28, such as to adjust the dynamic range of the 
input data, and so forth. At step 110, the image is de- 
composed through a level of spatial frequency as indi- 
cated above in phase 54 of Figure 3. At step 112, signal 
processing circuit 28 determines whether the image has 
been decomposed through the desired number of spa- 
tial frequency levels, and if not, returns to step 110 for 
further decomposition. Once the image has been de- 
composed through the desired spatial frequency level, 
the process advances to step 114. 
[0022] At step 114, signal processing circuit 28 reads 
any configuration parameters which have been input by 
the user or stored in memory circuit 30. As noted above, 
these may include an edge strength parameter, a spatial 
sensitivity function, and so forth. In addition, such pa- 
rameters may include predetermined gains to be ap- 
plied to specific spatial frequency images, particularly to 
the lower level images. Based upon the decomposed 
images and upon the parameters read at step 114, sig- 
nal processing circuit 28 generates gain images (such 
as images 88, 90, and 92 in Figure 3) as indicated at 
step 116. As noted above, this step preferably includes 
application of an algorithm whereby the gain image for 
levels at which particular features of interest are to be 
enhanced are generated based upon one or more lower 
spatial frequency level image. At step 118, these gain 
images are applied to the decomposed image at the de- 
sired spatial frequency levels, such as at the upper lev- 
els where valuable edge data would be expected to be 
found. Subsequently, the process continues as indicat- 
ed at step 120, by reconstruction of the enhanced im- 
ages through the processing described above with re- 
spect to Figure 3. 



Claims 

1 . A method for enhancing an image defined by a ma- 
trix of discrete pixels, the method comprising the 
steps of: 

generating data representative of the pixels de- 
fining the image; 

at least partially decomposing the image into a 
plurality of spatial frequency images including 
at least a first frequency image and a second 
frequency image; 

generating gain data for the first frequency im- 
age based upon the second frequency image; 
generating an enhanced first frequency image 
by applying the gain data to the first frequency 
image ; and 

reconstructing an enhanced image based upon 
the enhanced first frequency image and the 
second frequency image. 

2. The method of claim 1, wherein the image is de- 



10. The method of claim 8, wherein the gain image is 
derived from the lower frequency level image by ap- 
plying values representative of the lower frequency 
level image into a sensitivity function. 

11. The method of claim 10, wherein the gain image is 
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derived from the lower frequency level image by ap- 
plying values representative of the lower frequency 
level image into a sensitivity functbn and multiply- 
ing by an edge enhancement value. 

12. The method ol claim 8, wherein a plurality of higher 
frequency level images are included in the series, 
and wherein dissimilar gain images are applied to 
each higher frequency level image to obtain respec- 
tive enhanced higher frequency level images. 

13. The method of claim 12, wherein a first higher fre- 
quency level image is derived from the image and 
successive higher frequency level images are de- 
rived therefrom by successive low pass filtering. 

14. The method ol claim 13, wherein the number of 
higher frequency level images derived is an opera- 
tor adjustable parameter. 

15. The method of claim 6, comprising the further step 
of applying a gain to the lower frequency level im- 
age prior to reconstruction of the edge enhanced 
image. 

16. The method of claim 8, wherein the lower frequency 
level image is generated by successively decom- 
posing an initial lower frequency level image into a 
series of lower frequency level images, and recon- 
structing the series of lower frequency level images 
into a processed lower frequency level image, and 
wherein the gain image is derived from the proc- 
essed lower frequency level image. 

17. The method of claim 16, wherein dissimilar gains 
are applied to each lower frequency level image pri- 
or to reconstructing the series of lower frequency 
level images into a processed lower frequency level 
image. 

18. A discrete pixel imaging system comprising: 

a data acquisition unit configured to generate 
pixel values representative of pixels in a dis- 
crete pixel image; and 

a signal processing circuit configured to receive 
the pixel values, to decompose the image into 
a series of spatial frequency images, to derive 
a gain image for a first of the spatial frequency 
images from a second of the spatial frequency 
images, to apply the gain image to the first fre- 
quency image to obtain an edge enhanced im- 
age, and to reconstruct a filtered image based 
upon the edge enhanced image and the second 
frequency image. 

19. The imaging system of claim 18, wherein the data 
acquisition unit includes an x-ray radiation source 



and a discrete pixel detector unit for receiving a por- 
tion of an x-ray emission from the x-ray radiation 
source. 

s 20. The imaging system of claim 18, further including 
an operator input device for receiving operator se- 
lectable parameter data, and wherein the signal 
processing circuit is configured to derive the gain 
image based at least partially on parameter data in- 
fo put via the input device. 

21. The imaging system of claim 1 8, wherein the signal 
processing circuit is configured to decompose the 
image into a plurality of spatial frequency images, 
75 and to derive dissimilar gain images for at least two 
of the spatial frequency images from respective 
lower spatial frequency images. 
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(57) A discrete pixel image (106) is enhanced to 
bring out particular features of interest such as edges. 
The enhancement includes decomposition of the origi- 
nal processed image data, enhancement by application 
of gain images to the decomposed images, and recon- 
struction of the enhanced image. The decomposition 
proceeds through a series of low-pass filters (110,112) 
to arrive at decomposed images of progressively lower 
spatial frequencies. These decomposed images are 
then multiplied by gain images during the enhancement 
phase. Gain images for at least the higher spatial fre- 
quency level images are derived (116) from lower spatial 
frequency level images. These spatial frequency-based 
gain images may be based upon operator inputs, includ- 
ing a spatial sensitivity, fimction and an edge enhance- 
ment value. Lower spatial frequency level images may 
be processed by application (118) of predetermined 
gain values. The reconstruction sequence recombines 
the decomposed images (120) after application of the 
gains to arrive at an enhanced image of the same di- 
mensions as the original image. 



FIG. 4 



104 



ACQUIRE PtXaDAT^V ' 106 



FILTER DATAp "108 



DECOMPOSE IMAGE 



no 




READ ENHANCEMENT 
PARAMETERS 



y 1 



GENERATE ENHANCEMENT 
GAIN VALUES 



-116 



APPLY GAIN VALUES \ ^ llB 



CONTINUE J-^ 120 



Printed by Jouve, 75001 PARIS (Ffl) 



EP0 971 316 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 5432 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCL7) 



EP 0 444 874 A (HUGHES AIRCRAFT CO) 
4 September 1991 (1991-09-04) 

* abstract * 

* column 2, line 30 - column 3, line 17 * 

* column 5, line 14 - column 7, line 18 * 

EP 0 527 525 A (AGFA GEVAERT NV) 
17 February 1993 (1993-02-17) 

* abstract * 

* page 3, line 55, paragraph 5 - page 4, 
line 16 * 

* page 7, line 15 - line 40 * 

WO 98 55916 A (PHILIPS P AT ENTV E RWA LTU NG 
;K0NINKL PHILIPS ELECTRONICS NV (NL) ; PHI) 
10 December 1998 (1998-12-10) 

* abstract * 

* page 1, line 23 - page 5, line 32 * 

EP 0 368 162 A (DAINIPPON SCREEN MFG) 
16 May 1990 (1999-05-16) 

* abstract * 

* column 2, line 50 - column 5, line 8 * 



1-21 



G06T5/O0 



1-21 



1-21 



1-21 



TECHNICAL FIELDS 
SEARCHED <lnf.CL7) 



G06T 



The present search report has been drawn up for all claims 



Ptace of search 

THE HAGUE 



Date of completion of the search 

25 November 1999 



Gonzalez Ordonez, 0 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant 9 combined with another 

document of the same category 
A : technological background 
O : non-written cfsoloaure 
P : intermediate document 



T : theory or princ^jre underlying the invention 
E : earffer patent document, but published on, or 

after the Ming date 
D : document cited in the application 
L : document cited for other reason* 

& : member of the &ame patent famiy, corresponding 
document 



2 



EP0 971 316 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 5432 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Potent Office EOP file on 

The European Patent Office is in no way liable lor these particulars which are merely given for the purpose of information. 

25-11-1999 



pat pnt rinfium&nt 

1 Olvl 11 UUwUI 1 IXJ% 11 








Patent f AfnHu 


r^uoiicaiion 


cited in search report 




date 




members) 


date 


EP 0444874 


A 


04-09-1991 


US 


5022091 A 


04-06-1991 








AU 


625389 B 


09-07-1992 








AU 


7127091 A 


29-08-1991 








CA 


2037066 A 


29-08-1991 








CA 


2037066 C 


23-08-1994 








1L 


97316 A 


31-07-1994 








JP 


4218881 A 


10-08-1992 








KR 


9505537 B 


25-05-1995 


EP 0527525 


A 


17-02-1993 


DE 


69214229 0 


07-11-1996 








DE 


69214229 T 


3O-04-1997 








JP 


5244508 A 


21-09-1993 








US 


5805721 A 


08-09-1998 








US 


5467404 A 


14-11-1995 


WO 9855916 


A 


10-12-1998 


EP 


0923760 A 


23-06-1999 


EP 0368162 


A 


16-05-1990 


JP 


2127782 A 


16-05-1990 








JP 


2555430 B 


20-11-1996 








DE 


68928692 D 


09-07-1998 








DE 


68928692 T 


18-03-1999 








US 


5001573 A 


19-03-1991 



& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



>OCID: <EP 097131«A3 I > 



s 



This Page Blank (uspto) 



